Gel Permeation Chromatography as a Combinatorial Screening Method: Identification of Highly Active Heteroligated Phenoxyimine Polymerization Catalysts
Combinatorial and high-throughput screening techniques were originally developed by the pharmaceutical industry to rapidly identify biologically active compounds, but they have become increasingly common in other areas of research. In homogeneous catalysis, automated parallel devices are now used to screen potential catalysts and to optimize reaction conditions. As more reactions are run simultaneously, the need for faster screening methods will increase. Although new techniques have been developed for the rapid screening of small-molecule catalysts, efforts to screen polymerization catalysts have focused on improving existing technologies, particularly gel permeation chromatography (GPC). GPC analysis of polymers formed by a set of pooled catalyst libraries is used by Andrew F. Mason and Geoffrey W. Coates (Cornell University, Ithaca, NY) to identify a class of syndiospecific heteroligated phenoxyimine catalysts that are unusually active for propylene polymerization. A combinatorial approach is used to drastically reduce the number of reactions needed to identify these compounds. GPC can be an effective tool for identifying high molecular weight polymers formed by either fast catalysts or catalysts with limited chain transfer, although there is a limit to the number of catalysts that can be analyzed per GPC run (J. Am. Chem. Soc. 2004, 126, 10798) . the discovery of ionic luminophors using combinatorial techniques. The photophysical properties of the resulting transition-metal-based chromophores are compared against a series of analogous, traditionally prepared species. The strong overlap between these two sets confirms the identity of the parallel synthesis products and supports the truthfulness of the combinatorial results. Further support for the combinatorial method comes from the adherence of these complexes to the energy gap law. The relationship between the structure of a complex and its photophysical properties is also considered, and static DFT calculations are used to assess whether it is feasible to predict the luminescent behavior of novel materials (J. Am. Chem. Soc. 2004, 126, 14129) .
Simultaneous In-Situ Monitoring of Parallel Polymerization Reactions Using Light Scattering; A New Tool for High-Throughput Screening
A recently introduced technique, simultaneous multiple sample light scattering (SMSLS), is used by Wayne F. Reed et al. (Tulane University, New Orleans, LA) to monitor parallel polymerization reactions in situ. SMSLS is designed for real-time, high-throughput screening and provides a timedependent light scattering signature for each reaction, which contains both qualitative and semiquantitative information. Qualitatively, the signature immediately indicates whether the reaction occurs or not, whether there is an initial lag period, and how long the reaction takes until it stops. The signature also provides estimates of the reaction rate and weight average molecular mass Mw, and its shape can help identify mechanistic aspects (e.g., controlled versus free radical polymerization and presence of impurities). The method is inherently adapted to small sample volumes and requires no special sample preparation or postpolymerization characterization. The demonstration involves the free radical polymerization of acrylamide under varying conditions and should be readily applicable to a wide variety of other reactions. Results are cross-checked with multidetector gel permeation chromatography (J. Comb. Chem. 2004, 6, 710) .
Combinatorial Synthesis of Insoluble Oxide Library from Ultrafine/Nano Particle Suspension Using a Drop-on-Demand Inkjet Delivery System
Although the combinatorial approach has been widely adapted in the search for novel functional materials, parallel synthesis and high-throughput characterization are still the major obstacles hampering the application to a diversity of materials. In solution-based parallel synthesis, droplets of precursor solutions are laid into predefined microreactors from microdispensers. Then, the precursors are mixed and reacted to form a materials library. Through this method, materials libraries including phosphors, catalysts, etc., are fabricated from solution precursors. Inkjet delivery shows many advantages over other microdispense devices, such as nanoliter dispensing capability with high accuracy. Chen Gao et al. (University of Science & Technology of China, Hefei, China) reports the synthesis of combinatorial material libraries from suspensions prepared from insoluble oxides using a drop-on-demand inkjet delivery system. A method to prepare inkjet-compatible insoluble oxide suspension with an ultrafine/nano particle size, high surface tension, low viscosity, and high concentration was also developed (J. Comb. Chem. 2004, 6, 699) .
Synthesis and Evaluation of the Antitumor Agent TMC-69-6H and a Focused Library of Analogs A concise, efficient and flexible total synthesis of the potent antitumor agent TMC-69-6H is described by Alois Fu¨rstner et al. (Tetrahedron 2004, 43, 9543) . Key steps involve the palladium catalyzed regioselective addition of 4-hydroxy-2-pyridone to pyranyl acetate accompanied by a spontaneous 1,4-addition of the phenolic -OH group to the emerging enone to give the tricyclic product in excellent yield. The flexibility inherent to the synthesis route allows for the preparation of a focused library of analogues for biochemical evaluation. The results show that N-hydroxy-2-pyridone derivatives constitute a new class of selective phosphatase inhibitors. In contrast to previous reports in the literature, TMC-69-6H and congeners are found to exhibit pronounced activities against the tyrosine protein phosphatase PTB1B, the dual specific phosphatase VHR, and the serine/threonine phosphatase PP1, while being only weak inhibitors for the dual specific phosphatases Cdc25 A and B.
MICROFLUIDIC CHIP TECHNOLOGY AND MICRO REACTOR TECHNOLOGY

Design of a Capillary-Microreactor for Efficient Suzuki Coupling Reactions
A Pyrex glass capillary (0.4 mm internal diameter) microreactor was developed and used for Suzuki coupling reactions by Hian Kee Lee, Suresh Valiyaveettil, and colleagues (National University of Singapore, Singapore). Capillary-microreactors are more attractive than photolithographic microfluidic devices in terms of simplicity, low cost, and ease of handling. Compared with the conventional synthesis procedure, their approach of using a capillarymicroreactor offers a convenient and highly efficient means for optimizing reaction conditions and the performance of catalysts. The procedure exhibits good precision, reproducibility, and high reaction yield for a range of reactants investigated. The capillary microreactor produced high yields (82-95 percent in comparison with 11-23 percent for the conventional method) (Tetrahedron Lett. 2004, 45, 7297 ).
An Investigation into the Use of Silica-supported Bases within EOF-based Flow Reactors
Using a series of silica-supported bases, Charlotte Wiles, Paul Watts, and Stephen J. Haswell (University of Hull, Hull, United Kingdom) demonstrate the synthesis of eight condensation products within an electroosmotic flow (=EOF) based flow reactor. In all cases, high yields (>99%) and product purity are obtained. The reactions were carried out using a single capillary device with capillary dimensions of 500 lm i.d. Â 3.0 cm. To hold the supported reagent in place, microporous silica frits were placed at either end of the capillary (Tetrahedron 2004, 60, 8421) . Biochem. Eng. Q. 2004, 3, 273) . Two methods for the synthesis of D-glucitol are described: the catalytic hydrogenation and the electro-synthesis. The catalytic hydrogenation using stirred tank reactor (STR) or fixed bed reactor (FBR) is most widely used in commercial production, where D-glucose in a mass fraction of 50 percent aqueous solution or in a mass fraction of 70 percent aqueous solution is used as reacting substance. Ruthenium, nickel, cobalt, or hydrogen storage alloy are used as catalysts under high reaction temperature and high reaction pressure. Compared with STR, the investigated multi-tube airlift loop reactor (MALR) with low H/D ratio, characterized by a well-defined flow pattern, better dispersing effects, relatively low power consumption, and a higher mass transfer coefficient, are widely used in many chemical reactions. The aims of the present study are both to develop the MALR with low H/D ratio and to obtain the optimum operating conditions for the preparation of D-glucitol from D-glucose hydrogenation. A comparison of the efficiency between MALR with low H/D ratio and STR is carried out to prove that the MALR with low H/D ratio could obtain a better result in preparing D-glucitol under the same operating conditions. The preparation of D-glucitol from D-glucose aqueous solution by hydrogenation over Raney Nickel catalysts is carried out in a 0.06 m 3 multi-tube airlift loop reactor (MALR) with low H/D ratio. Under the optimum operating conditions (reaction temperature, reaction pressure, pH, hydrogen gas flowrate, and content of active hydrogen), the average reaction time and molar yield are 65 min and 98.8%, respectively. Comprising a new process for the production of D-glucitol by direct hydrogenation of D-glucose over Raney Nickel catalysts in MALR with low H/D ratio has been considered.
Microwave Heating of Heterogeneously Catalysed Suzuki Reactions in a Micro Reactor
Ping He et al. report the development of a microwavebased technique capable of delivering heat locally to a heterogeneous Pd-supported catalyst located within a micro reactor device (LabChip, 2004, 4, 38) . The ability to spatially control localized concentrations of reactant, intermediates, and products within the micro-channel networks of micro reactors enables a level of reaction control that is not achievable in bulk reactors. In addition to the control of local concentrations, the ability to deliver localized heating and the more effective use of in situ supported reagents such as catalysts add a further dimension of reaction control, and hence, extend the range of potential applications of micro reactors. The authors describe a microwave (MW) based localized heating technique used in conjunction with an immobilized palladium catalyst to perform a number of exemplary Suzuki-based reactions. The reactions are conducted in a glass micro reactor with a 10-15 nm gold film patch, located on the outside surface of the base of a glass micro reactor. It is found to efficiently assist in the heating of the catalyst when irradiated with 5-7 W of microwave power at 2.45 GHz. Using a hydrodynamically pumped system, reactant-catalyst contact times of less than 60 s are found to give conversions for different substrates that are in the range 50-99 percent. Also investigated are two methods for loading catalysts that required either 1.5 or 6 mg of material into the micro reactor. To more fully exploit the use of micro reactor technology in chemical and biochemical synthesis, methods for the controlled localized heating and the utilization of highly intensive surface properties need to be established. While micro reactor-based heating may be achieved using, for example, localized electrical resistance, in this work a contactless technique based upon MW induced heating is used. In this way the controlled heating of a reaction can be achieved using selective MW absorption into both a catalyst and an externally applied gold film. In addition, a simple and practical technique is described for the loading and removal of an alumina and polymer supported metal catalyst from a micro reactor device. The results clearly point the way to developing a wider range of chemical methods and process applications of micro reactor technology.
HIGH-THROUGHPUT ANALYTICS
One-Minute Full-Gradient HPLC/UV/ELSD/MS Analysis to Support High-Throughput Parallel Synthesis
High-throughput parallel synthesis of library compounds for early drug discovery requires high-throughput analytical methods to confirm synthesis, identify reaction products, and determine purity. An ultrafast 1.0 min HPLC/UV/ELSD/MS method was developed by James N. Kyranos and colleagues (ArQule Inc., Woburn, MA) and compared to their standard 2.5 and 5.0 min methods to determine if the faster method is appropriate for the evaluation of compound synthesis and to determine purity. In addition to using standard test mixtures, a 400-member library produced by high-throughput parallel synthesis is used for comparing the various methods. Mass spectrometric detection was used for compound identification, while UV and ELSD data offer purity assessments. Compared to longer separations, chromatographic separation achieved using the 1.0 min method is sufficient for compound evaluation and purity assessment. This ultrafast 1.0 min HPLC/UV/ELSD/MS method is expected to increase analytical throughput tremendously, provide important information faster, and reduce the overall cycle time from synthesis to screening (J. Comb. Chem. 2004, 6, 796) .
Atmospheric Pressure MALDI-Fourier Transform Mass Spectrometry
The first developments of laser desorption-FTMS began some twenty years ago, and because of increasing interest in high-resolution analysis of polar, non-volatile, and thermally labile compounds, new improvements are of topical interest. D. Fabris and coworkers describe a new coupling of atmospheric pressure matrix-assisted laser desorption/ionisation with Fourier transform mass spectrometry on the basis of high-resolution analysis of complex peptide mixtures (Anal. Chem. 2004, 76, 3930) . A recently developed atmospheric pressure MALDI system that consists of a laser unit and sample plate in direct proximity to the inlet of a common ESI interface, achieves a comparable resolution and accuracy to those experiments of analogous ESI-FTMS. The crucial improvement in contrast to previous MALDI-FTMS instrumentations is the reduction of the internal energy of the ions by performing collisional cooling at a much higher pressure than typical MALDI vacuum conditions. This leads to the suppression of unwanted adduct formation and metastable decay. The ability for a facile switch between the highly complementary MALDI and ESI techniques outside the ESI interface is another advantage for the easily customizable high-resolution analysis instrumentation.
An Automated High Performance Capillary Liquid Chromatography-Fourier Transform Ion Cyclotron Resonance Mass Spectrometer for High-Throughput Proteomics
Mikhail E. Belov and coworkers describe a fully automated high-performance LC-FTICR mass spectrometer and depict the possibility for high-throughput and unattended operation for proteomics research (J. Am. Soc. Mass Spectrom. 2003, 15, 212) . In addition to a short overview of the pros and cons of existing techniques, the authors give detailed insight into the instrumentation, experimentation, preparation, and system software of the automated capillary LC-9.4 tesla FTICR instrument. One topic is the new calibration methodology based on a dual-channel electrodynamic ion funnel, which allows the real time introduction of calibrant to the sample and leads to a decreased dispersion of mass measurement errors for the identification of peptides. Another quality worth mentioning is the reliability and robustness of a system whose particular characteristics for proteomic analyses are more likely sensitivity, accuracy, high-resolution, and a high dynamic range.
BIOAUTOMATION AND SCREENING
Phagemid Encoded Small Molecules for High-Throughput Screening of Chemical Libraries
Christopher T. Walsh et al. (Harvard Medical School, Boston, and Harvard University, Cambridge, MA) have developed an efficient method for monovalently displaying small molecules on the phage surface through Sfp catalyzed site specific modification of the phage displayed peptidyl carrier protein (PCP). Coenzyme A (CoA) small molecule conjugates as the substrates of Sfp can be easily synthesized by facile disulfide, thioether, or thioester formation with the small molecules. The substrate promiscuity of Sfp with the molecular entities linked to CoA is especially suitable for conjugating a library of small molecules to the phage displayed PCP. Both the conjugation of small molecules to CoA and the subsequent attachment of small molecules to the phage can be carried out in a parallel fashion for high throughput processing of large libraries. The small molecule library monovalently displayed on the phage surface can then be selected in one pool for target binding and achieve more than 2000-fold enrichment in a single round with the small molecule ligands showing nM affinity to the target. The use of DNA decoding arrays for identifying the selected molecules further accelerates the process for screening the phage encoded small molecule libraries (J. Am. Chem. Soc. 2004, 126, 13570) .
Development and Automation of a 384-well Cell Fusion Assay to Identify Inhibitors of CCR5/CD4-mediated HIV Virus Entry
To identify medicines for HIV treatment that provide significant advantages when compared to existing therapies, there is a need to consider investigating different mechanisms to inhibit the viral life cycle, for example, the process of receptor-mediated viral entry. Bradley et al. (J. Biomol. Screen. 2004, 9, 516) describe the automation of an in vitro cell-based fusion assay for the identification of novel inhibitors of receptor mediated HIV-1 entry. The cell-fusion system requires the mixture of two stable cell lines expressing different components of the virus and host cell proteins. To confirm the fusion of the two cell populations, a b-galactosidase reporter is used. The assay is carried out in 384-well plates using standard robotic equipment. Although similar cell fusion systems have been described, they have not met the requirements for high-throughput screening due to complexity, throughput, and reagent cost. The assay that Bradley et al. describe provides significant advantages, as (a) no transfection/infection events are required prior to the assay, (b) cells are mixed in solution, enhancing fusion efficiency compared to adherent cells, (c) miniaturization to low volume enables screening in 384-well plates, and (d) online cell dispensing facilitates automated screening. The assay displays quality measures comparable with less complex biochemical assays and is successfully employed to identify small molecule inhibitors of the HIV/host cell fusion process.
Rapid and Ultra-Sensitive Determination of Enzyme Activities Using Surface-enhanced Resonance Raman Scattering
Since the sequencing of the human genome, there is an increased need for functional protein analysis. Therefore, detection of enzyme activity and selectivity, especially at in vivo concentrations, is very attractive. Moore et al. (Nat. Biotechnol. 2004 , 22, 1133 demonstrate how surfaceenhanced resonance Raman scattering (SERRS), measured using silver nanoparticles, can be used to detect enzyme activity at ultralow levels. For this approach, specially designed masked enzyme substrates that are initially completely undetected by SERRS are used. Turnover of the substrate by enzyme leads to the release of a surface targeting dye, and intense SERRS signals proportional to enzyme activity are generated. The method allows the rapid monitoring of both relative activity and enantioselectivity of enzymes. The format of the technique offers the potential to detect multiple enzyme activities simultaneously and at levels found within single cells. Therefore, this unique approach to enzyme characterization has great potential for use in highthroughput screening technology.
LABORATORY INFORMATION MANAGEMENT SYSTEMS
LIMS Praxis-Electronic Identification of Field Samples
During the identification process of samples in a laboratory, confusion must be eliminated, especially during the extraction of samples in the peripheral field range when digital procedures supersede manual methods of identification. For example, transponders are suitable systems for the local identification of samples during extraction. So-called passive transponders get their energy by induction from the sender-recipient module during the steps of the acquisition of information or during the readout of the data. The result is a straightforward utilization of the information carrier that is usually connected with the reservoir for the samples. There is a high reliability of the identification from sample receipt over sample analysis, to retain sample. Also interesting is the procedure of marking and detection in connection with a global Web-based laboratory information management system that is available over areawide wireless networks (GPRS, UMTS, wLAN), and for mobile sampling pointing. The basics and experiences with sample identification by using transponders are described by Majer and Zyzik (LaborPraxis 2004, 5, 50).
XML-As an Industrial Standard for Analytical Data and LIMS Integration
The importance of XML as a platform neutral format for the exchange of analytical data is described in G.I.T. Laboratory Journal 2004, 2, 26. XML formats allow researchers to share analytical data in collaborative applications. The meaning of XML analytical files influences integration concepts of online coupled LIMS and best practices of e-business for a wide range of services in life science automation. An automated data capture system includes the data conversion, database storage, search tools, visualization capabilities, and reprocessing. The Web-based design supports scientific collaboration. In all new higher level solutions of LIMS, the XML standard and Web engineering becomes more and more important.
The Integration of LIMS into a Production Environment
Knowledge management, Enterprise Resource Planning Systems (ERP), and LIMS cannot be separated. Interfaces and questions of system integration are at the center of interest for this application area. By using modern integration concepts like Web services and XML, important simplifications and automated data exchange solutions are expected. In the field of recent server-client technologies, this process of development is amplified. The connection of business processes in Web-based LIMS is more effective than ever before. (LITUS 2004, 1, 8) .
LIMS Goes Online: Contract Management via Intranet and Internet
Schellenberger and Ohst report potentials and examples for practical e-business in business processes and online customer service in an analytical laboratory (LITUS 2004, 1, 15) . The Web-based user interface masks for contract acquisition are shown in two business examples. In the described application, the interconnection to a LIMS is compulsive. The supplement of the customer interface in a LIMS is probably getting even more spread enforced by the increase of Web-based application.
Revolution of Lab Journals, or: Does the Last Paper Bastion in a Laboratory Collapse?
The direct separation of LIMS and lab journals is even more complicated in the background of modern ITtechnologies and -solutions. Requirements and implementation of a digital lab journal are outlined by Fro¨hlich in LITUS 2004, 1, 24. The advantages of electronic, databasedriven documentation are sufficiently known. Against the background of mobile computing, wireless communication networking, certified digital signatures, and new dimensions in Web engineering, the complete embedding of lab journals in a LIMS integration solution, and time and location independent access to the lab journals in a multi-user environment, can be implemented. Via online process interconnection, for example, between chemical analysis and LIMS, the raw data are also available in subapplications of the electronic lab journal.
